Summary Statement: 21 Here, we demonstrate the presence of a macrophage-like, CX3CL1/CX3CR1-expressing cell 22 population within the healthy tendon proper potentially fulfilling a surveillance function. 23 24 Abstract: 25 Tendon disorders frequently occur and recent evidence has clearly implicated the presence 26 of immune cells and inflammatory events during early tendinopathy. However, the origin 27 and properties of these cells remain poorly defined. Therefore, the aim of this study was to 28 determine the presence of myleoid cells in healthy rodent and human tendon tissue and to 29 characterize them. Using various transgenic reporter mouse models, we demonstrate the 30 presence of tendon cells in the dense matrix of the tendon core expressing the fractalkine 31 (Fkn) receptor CX3CR1 and its cognate ligand CX3CL1/Fkn. Pro-inflammatory stimulation of 32 3D tendon-like constructs in vitro resulted in a significant increase in the expression of IL-1ß, 33 IL-6, Mmp3, Mmp9, Cx3cl1, and epiregulin which has been reported to contribute to 34 inflammation, wound healing, and tissue repair. Furthermore, we demonstrate that 35 inhibition of the fractalkine receptor blocked tendon cell migration in vitro and show the 36 presence of CX3CR1/CX3CL1/EREG expressing cells in healthy human tendons. Taken 37 together, we demonstrate the presence of CX3CL1+/CX3CR1+ "tenophages" within the 38 healthy tendon proper potentially fulfilling surveillance functions in tendons. 39 INTRODUCTION 41 Tendon pathologies and injuries are one of the most common musculoskeletal disorders, 42 however due to the tissue's poor regenerative capacity the healing process is long -lasting 43 and outcomes are often not satisfactory. Consequently, tendinopathies represent a 44 substantial social and economic burden (Schneider et al., 2018) . The limited availabilty of 45 effective treatment options not only ows to the multifactorial nature of tendinopathies, but 46 above all results from our insufficient understanding of the cellular and molecular 47 mechanisms leading to the onset and progression of the disease. Therefore, gaining a 48 deeper insight into the nature and function of tendon-resident cells in tissue homeostasis 49 and disease is imperative for developing new treatment strategies for tendinopathies. 50 Due to the composition and structure of the extracellular matrix (ECM), tendons are 51 able to withstand enormous tensile forces, so that spontaneous ruptures rarely occur 52 without preceding features of tissue degeneration. Besides repetitive overload, smoking, 53 and the intake of certain drugs, also obesity and various metabolic diseases are recognized 54 risk factors for the development of tendinopathies. Interestingly, a role of inflammation in 55 the pathogenesis of tendinopathy has long been debated, the underlying mechanisms being 56 poorly understood. The presence of myeloid and lymphoid cells such as mast cells, T cells, 57 and macrophages during early human tendinopathy however highlight a role of 58 inflammation in tendon disease (Dean et al., 2016; Kragsnaes et al., 2014; Millar et al., 2010) . 59 However, the origin of these immune cells is unclear; whether they invade the tissue from 60 the circulation and neighbouring tissue, or whether tissue-resident myeloid cells are present 61 and are activated upon damage, or a combination of both mechanisms. Generally, tissue-62 resident macrophages in vivo are not a homogeneous cell population, but heterogeneous in 63 nature and respond to certain stimuli with overlapping functions and phenotypes and 64 therefore often can not be classified into simple, polarized categories (Davies and Taylor, 65 2015). As the majority of these cells are usually situated in the vicinity of blood vessels 66 (Hume et al., 1984) , it seems plausible that this would also apply for tissue-resident myeloid 67 cells in tendons. However, the presence and distribution of immune cells in healthy tendons 68 has not been thoroughly investigated so far and due to the hypovascular nature of tendons, 69 we hypothesize that in tendons resident myeloid cells not only are present in the 70 perivascular region, but also reside within the dense, collagen-rich tendon core fulfilling a 71 surveillance function similar to Langerhans cells in the skin or microglia in the brain (Deckers   72   et to maintenance of tissue homeostasis or play a role in disease progression. These findings 83 prompted us to investigate if the CX3CL1/CX3CR1 axis might also be relevant in tendons. 84 Therefore, the purpose of this study was (1) to assess the presence of tendon core-resident 85 cells in healthy rodent and human tissues expressing immune cell-related markers and (2) to 86 explore the ramifications of pro-inflammatory stimulation on the CX3CL1/CX3CR1 system in 87 3D tendon-like constructs in vitro. 88 
89

RESULTS
90
Tendon-resident cells express immune cell-related markers 91
To evaluate the presence of tendon-resident cells expressing immune-cell markers 92 we probed Achilles tendon tissue sections from the transgenic Scx-GFP tendon reporter 93 mouse strain (Pryce et al., 2007) . As shown in figure 1A and B, GFP-positive cells located in 94 the dense tendon core co-expressed the widely used pan-macrophage marker CD68, F4/80, 95 a unique marker of murine macrophages, and also the macrophage-specific hemoglobin (Hb) . 1 ). Finally, by 107 employing double immunolabelling we further demonstrate that the fractalkine receptor 108 and its ligand Cx3cl1 are both co-expressed by tendon cells ( Fig. 2A ) and the expression of 109 Cx3cr1 specifically in tendon cells was also confirmed by probing Achilles tendon sections of 110 the Scx-GFP tendon reporter mouse strain ( Fig. 2B) . 111 FKN has been described to induce shedding of epiregulin (EREG), a 46-amino acid 112 protein belonging to the Epidermal Growth Factor (EGF) family of peptide hormones, and 113 further to rapidly increase epiregulin mRNA expression 20-fold (White et al., 2010) . 114 Therefore, we investigated tendon tissue sections for the presence of EREG. Indeed, 115 epiregulin is also expressed in tendon-resident cells expressing Scx-GFP or Cx3cr1-EGFP ( Fig.   116 2C, D). Finally, Cx3cr1-positive cells also express both macrophage markers CD68 and CD163 117 (Suppl. fig. 2 ). 118 Next, to determine whether these cells, apart from their macrophage-associated 119 marker profile, also possess phagocytic activity we exposed unfixed rat flexor tendons to 120 pHrodo™ Green S. aureus Bioparticles™ which upon cellular uptake emit fluoresecence due 121 to a shift in pH. As shown in figure 3, we detected several positive cells within the tendon 122 core embedded in the dense collagenaous matrix, demonstrating the presence of phagocytic 123 cells within the tendon proper in vivo.
125 126
Pro-inflammatory stimulation of 3D tendon-like constructs increases fractalkine and 127 epiregulin expression. 128 Having identified tendon-resident cells expressing immune cell-related markers, we 129 next examined the response of primary tendon stem and progenitor cells (subsequently 130 referred to as TDSPCs) to pro-inflammatory stimuli. We therefore generated 3D type I 
142
IL-1β exposure led to a moderate 2-fold increase in the expression of the 143 macrophage-related marker CD68, whereas a significant increase (≥20-fold) in Fkn (Cx3cl1) 144 and Ereg mRNA quantitites was observed, which was even higher if co-stimulated with TNFα. 145 These results were further underscored by immunofluorescent analysis, demonstrating that 146 pro-inflammatory treatment mainly affected the expression of Cx3cl1 and Ereg ( Fig. 5B) . 147 Finally, to obtain quantitative data on protein levels we also performed Western blot 148 analysis on lysates prepared from stimulated and unstimulated 3D tendon-like constructs. 149 Again, a significant increase in expression was observed for both Cx3cl1 and Ereg ( Fig. 5C ). However, the origin of these cells remains unknown and it is unclear if they mainly 182 extravasate into the tissue upon injury or metabolic stress or if tendon-resident 183 macrophages or mast cells exist in healthy tendon tissue initiating the first line response. 184 Therefore, we aimed to formally demonstrate the presence of myleoid cells in intact, healthy 185 murine and human tendons and to characterize a population of "tenophages" in the tendon 186 core. 187 In the present study, we demonstrate the presence of cells positive for myleoid cell-related 188 markers located within the dense tendon core region ( Fig.1 ). Interestingly, these cells were 189 also positive for the widely accepted tendon-specific marker Scleraxis, a member of the basic (Fig. 5) . 292 In summary, we describe the presence of macrophage-like tendon cells and provide 293 evidence for the expression of the CX3CL1/CX3CR1 axis and the peptide hormone epiregulin 294 in healthy rodent as well as human tendons. Interestingly, not only did we observe 295 perivascular expression of these proteins, but also very distinctly in cells within the dense, 296 collagen-rich matrix of tendons. We therefore propose that this newly identified cell 
Materials and Methods
303
Cell culture 304 Primary TDSPCs were isolated from Achilles tendons of 5 rats (Fisher, female, 12 weeks). To 305 this end, rat Achilles tendons were dissected, finely minced and digested in Dulbecco's 306 modified Eagle's medium (DMEM) containing 2 mg/ml type II collagenase (Sigma-Aldrich, St. 307 Louis, MO, USA) for 12 hours at 37 °C and 5% CO2. The isolated cells were placed in DMEM 308 containing 10% fetal bovine serum (FBS), 100 units/ml penicillin, 100 μg/ml streptomycin, at 309 37 °C with 5% CO2. Only passages 1-3 of the obtained TDSPCs were used in this study. 310 Results of at least three independent experiments are presented. 311 Tendon-like constructs 312 In order to better mimick the tendon's natural environment, we performed most of our Western Blot 427 Ten to 15 μg of total protein of the tendon-like constructs' lysate were separated on 10-12% SDS-428 polyacrylamide gels in Laemmli buffer. Proteins were then transferred to a PVDF membrane (Biorad, 429
Munich, Germany) using 15.6 mM Tris base, 120 mM glycine, and 20% methanol for 1.5 h at 90 V and 430 4 °C. Membranes were blocked in 5% non-fat dry milk powder or 5% BSA hydrolysate in TBS with 431 0.5% Tween-20, respectively over night at 4°C. Immunodetection was performed using primary 432 antibodies recognizing epiregulin and and CX3CL1 and secondary horseradish peroxidase Fig. 4 : 3D tendon-like constructs were stimulated with either IL-1ß, TNF-α, or a combination of both cytokines (A). Effects on the expression levels of genes encoding for inflammatory proteins (IL-1ß, TNFα, IL-6), extracellular matrix-related proteins (e.g. Col1a1, Col3a1, Lox, Mmp-1, Mmp-3, Mmp-9), and tendon cell-related marker proteins (Mwk, Scx, Tnmd) were assessed by qPCR. Significant changes were detected for IL-1ß, IL-6, Lox, Mmp-1, Mmp-3, and Mmp-9. Bars represent mean ± SEM (for 5 individual animals); *p<0.05, **p < 0.01, Mann Whitney test. Dashed green line: control reference. 
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